The "CI NQR frequency (VQ) and spin lattice relaxation time ) in 2,6-dichloropyridine, 2 amino 3,5-dichloropyridine and 6 chloro 2-pyridinol have been measured as a function of pressure up to 5.1 kbar at 300 K, and the data have been analysed to estimate the temperature coefficients of the NQR frequency at constant volume. All the three compounds show a non linear variation of the NQR frequency with pressure which can be described by a 2 nd order polynomial in pressure. The rate of change of the NQR frequency with pressure is positive and decreases with increasing pressure. The spin lattice relaxation time 7, in all the three compounds shows a small increase with pressure, indicating that the relaxation is mainly due to the torsional motions.
Introduction
Our earlier studies on the pressure dependence of the NQR frequency of some solids have shown a nonlinear increase of the NQR frequency with pressure, and also a decrease of the NQR frequency with further increase of pressure in a few cases [1, 2] . We report here the pressure dependence of the 35 C1 NQR frequency and spin lattice relaxation time 7 t in 2,6 dichloropyridine, 2 amino 3,5 dichloropyridine and 6 chloro 2-pyridinol.
Earlier Work
The NQR frequency of 35 C1 in 2,6-dichloropyridine at 77 K has been reported in [3] , and at 300 K in [4, 5] , The variation with temperature of the NQR frequency has been studied in [6] , and that of T\ in [7] , Only a single resonance line was observed in the range 77 to 300 K.
The chlorine NQR of 2 amino 3,5-dichloropyridine and the variation of the NQR frequency and T x with temperature (77-300 K) were first reported in [8] . Two resonance lines were observed due to the two inequivalent chlorines in the molecule. The
35
C1 NQR frequency in 6 chloro 2-pyridinol in the range 77 to 300 K was first reported in [9] . The variation of r, with temperature in the range 77 to 300 K was studied in [10] ,
Experimental
The compounds were obtained from Aldrich Co. USA. The pulsed NQR spectrometer was home made. The pressure was transmitted with liquid paraffin, using a locknut type piston-cylinder device [11] and the teflon cell technique [12] . T x was measured using the inversion recovery sequence (je-t-jt/2).
The duration of the free induction decay (FID) was around 150 ps for all the signals. The NQR frequency and T x were measured with an accuracy of ±0.0005 MHz and ±5% respectively.
Results and Discussion

Pressure Dependence of the NQR Frequency
The effect of lattice vibrations on the average value of the electric field gradient (EFG) [13] can be expressed as
where (6 2 ) is the effective mean square amplitude of the torsional oscillations about the axes of the EFG tensor and q 0 is the field gradient in the absence of all lattice vibrations. From (1) Pressure (kbar) The first term in (2) is the "static term" and represents the effect of pressure on the static lattice (due to compression) in the absence of all lattice vibrations; the second term, the "dynamic term", represents the effect of pressure on the amplitude of torsional oscillations. In molecular solids where the EFG is primarily intramolecular in origin, the main contribution to the pressure variation of NQR frequency comes from changes in the amplitudes of the torsional oscillations. As the amplitudes decrease with pressure, the term 3(0 2 )/3fdecreas- es. Due to the negative sign in (2), the dynamic term results in a positive (dv/dP) T . However, as the pressure is progressively increased, the changes in the torsional amplitudes decrease and the static term becomes more important and may eventually overcome the dynamic contribution.
The pressure dependence of the 35 C1 NQR frequencies at 300 K in the three compounds is shown in Figures 1 -3 . The NQR frequencies of the three substances at one bar and 5.1 kbar are given in the Table 1 . The experimental data were fit to a polynomial in pressure: Pressure (kbar) The best fit parameters of (3) are shown in Table 1 . Since A 2 is negative the NQR frequency can decrease if the pressure is increased further. Using the best fit equations, (Figs. 4-6 ) were obtained (dv/dP) T is found to be appreciably larger for 2,6-dichloropyridine and 6 chloro 2-pyridinol than for 2 amino 3,5-dichloropyridine. The non-linearity of v (P) seems to be due to the opposing nature of the dynamic and static contributions to the pressure dependence and also due to the decrease in the compressibility of solids at higher pressures.
As explained by Bayer [14] , the temperature dependence of NQR frequencies arises from the motional averaging of the electric field gradient caused by low-lying librational modes. In the high temperature limit, the temperature dependence of NQR frequencies can be expressed as [15] 3v (4) where f { is the torsional frequency, I x the moment of inertia of the molecule, k the Boltzmann constant and v 0 the NQR frequency at 0 K.
Taking into account the effect of volume change due to temperature and pressure, the constant volume temperature derivative of NQR frequency can also be written as [ 16] 
where ß/x is the ratio of the macroscopic coefficient of thermal expansion to the isothermal compressibility. In a normal temperature dependence experiment, the temperature coefficient of the resonance frequency at constant pressure is measured. Using (5) it is possible to combine v (T) and v (P) data to estimate the constant volume temperature derivative of the NQR frequency. (dv/dT) v represents the effect of temperature through molecular motion on the resonance frequency. On the basis of ^ h measurements reported for similar substances [16] [17] [18] , a value of 25 kg cm" 2 K" 1 has been assumed for the ratio ß/x, and using the experimental values of (dv/dT) P and (dv/dP) T , (5) was solved to estimate the values of (dv/dT) v . These (dv/dT) v values were used in (4), along with the values of I, and v 0 taken from literature [6, 8, 9] (Table 2) , to calculate the torsional frequency for all the compounds, as given in Table 3 . The torsional frequencies are in good agreement with those reported [6, 8, 9] .
Pressure Dependence of the Spin Lattice Relaxation Time T,
Bayer [14] proposed a model that the 35 C1 quadrupole spin-lattice relaxation in crystalline p-dichlorobenzene and other chlorine substituted aromatic hydrocarbons is governed by random fluctuations in the EFG caused by the torsional oscillations of the molecule. This model was further discussed in detail by Woessner and Gutowsky [19] . Jones et al. [20] have studied the variation of T x with pressure in p-dichlorobenzene and 1,3,5 trichlorobenzene where they have found a nonlinear increase in with pressure. In the present work, T x in all the three Pressure (kbar) at 5.1 kbar. Fig. 7 shows the variation of T x with pressure in the three compounds. Jones et al. [20] have arrived at the following equation, using Bayer's model as developed by Woessner and Gutowsky [19] :
where £ is the volume compressibility given as £ = -d (In V)/dP and ß is the cubic coefficient of thermal ex- [21] . When the spin lattice relaxation is due to torsional motions, the variation of 7, with temperature follows the equation [19] 7r' = fl 7'
The variation of T x with temperature has been studied in [7] for 2,6-dichloropyridine in [8] 
Conclusion
The NQR frequency in the pyridines studied increases nonlinearly with pressure, which is indicative of an increased contribution from the "static" distortion at higher pressures. Constant volume Bayer terms are calculat-ed, which show good agreement between theoretical and experimental values. The experimental shows a small increase with pressure, which implies that torsional oscillations are mainly responsible for the relaxation.
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